This paper explores the links between open innovation and the emergence of a 'phoenix industry' centred on the UK's traditional automotive heartland, the West Midlands, which has developed a significant presence in automotive design and engineering, particularly among small and niche firms. Drawing on case study research, the paper investigates whether this can be considered as a phoenix industry, and to what extent open innovation has been important in the industry's development. The paper considers relationships between firms and impacts in terms of changing economic and labour market conditions. The paper concludes by examining the role that public policy has played to date and might play in the future in supporting an emerging phoenix industry with open innovation features.
Introduction
Phoenix industries have been described as clusters of small and medium-sized businesses working with broadly similar technologies that have sprung up in former industrial areas.
They benefit from the historic, relatively immobile, investments in industry knowledge and workforce skills that have taken place over a long period of time in these areas. They typically research, develop and produce sophisticated components for use in a range of industries and hence are sometimes described as 'enabling industries '. Christopherson (2009; 79) describes them as benefiting from 'initial advantage' including "personal networks, technical skills and market knowledge that have developed over a long time, giving them an edge over less 'rooted' clusters in the same industry." Such phoenix industries can be seen as a potential escape route from 'negative lock-in' for old industrial regions on a declining development path -either as a source of 'escape' from an existing path or as offering a more positive, evolutionary path.
Simultaneously, in certain industries, it is argued that the process of innovation has become increasingly 'open' (Chesbrough, 2003) , shifting from taking place within a single firm to taking place across firm boundaries -involving other firms, universities, research institutes and end users. For individual firms, such an approach enables an extension of the pool of knowledge and competencies on which they are able to draw. This is particularly relevant for industries or technologies where knowledge is widely distributed and firms cannot establish or maintain sufficient in-house capabilities. Such 'open innovation' approaches, it has been argued, can raise profits, increase speed to market, enable firms to expand their markets and are seen as desirable at times of rapid technological change (Chesbrough and Crowther, 2006) .
In the automotive industry, the innovation process has traditionally been shaped by the vehicle makers and has mostly been undertaken in-house (Jürgens et al, 2008) . However, as the range of technologies that are important to success in the industry has expanded in the light of environmental, regulatory and demand-led challenges -ranging from electronics, to digital, to new fuel and power technologies, and to lightweighting -the role of specialist suppliers of knowledge, R&D and components has become crucial for innovations of a more systemic nature (Köhler et al, 2012) . This paper explores the links between open innovation and the emergence of a phoenix industry centred on the UK's traditional automotive heartland, the West Midlands. While the region has suffered significant deindustrialisation since the 1970s, particularly in the automotive sector, it has developed an important presence in automotive design and engineering, particularly among small and niche firms. After setting the scene in section 2, by providing the historical context for the industry, section 3 discusses the phoenix industry and open innovation concepts and outlines the case study research used to explore the nature of the current industry. In section 4 the paper investigates whether the advanced automotive manufacturing and engineering cluster centred on the region can be considered as an example of a phoenix industry. It then explores to what extent open innovation has been important in the industry's development in section 5, and goes on to look at relationships between firms and impacts in terms of changing economic and labour market conditions in section 6. The paper concludes by summarising the main findings from the research and looks at the role that public policy has played to date and might play in the future.
The West Midlands auto industry
The West Midlands was the birthplace of the automotive industry in the UK. During the Through the 1970s and early 1980s, however, the West Midlands' auto industry declined.
Failing to secure any of the major Japanese inward investments to the UK that took place during the late 1980s and 1990s, its share in total UK automotive production fell from 75% at the start of the 1970s to just 18% by 2008 (see Figure 1 , below). There were major firm closures in the 2000s, including the final loss of volume manufacturing to the region in 2005 with the closure of MG Rover (Bailey et al, 2010 and 2012) . The West Midlands automotive sector is now largely reliant on small-scale luxury vehicle production plus a number of specialist niche firms (Donnelly et al, forthcoming) .
The region has remained important, however, as a centre for automotive design and engineering expertise. This includes the aforementioned vehicle makers in the premium and upper premium segments; a cluster of first and second tier suppliers; a number of niche vehicle manufacturers; and a concentration of design, R&D and engineering consultancies plus university research expertise . The public policy environment has also been supportive of the industry, for example through the work of the former Regional 
Phoenix industries and open innovation

Phoenix industries
The notion of phoenix industries -clusters of small and medium-sized businesses, working with broadly similar technologies, that have sprung up in former industrial areas -is related to the wider literatures on regional economic trajectories. Whether they are viewed as providing radical or evolutionary change varies depending on how tightly the initial definitions of a region's industrial strengths are framed. More narrow, static, definitions of existing cluster strengths make it less likely that opportunities for inter-industry evolution and growth will be identified. This has led some authors to question the validity of cluster-based approaches to regional development arguing, instead, the need for a more holistic approach (for example, Sunley (2003, 2006); Sadler (2004); and Treado (2010) 
A case study of advanced automotive manufacturing and engineering firms
The remainder of this paper draws upon a case study of firms operating within the advanced Initially focusing on firms involved in the 'low carbon vehicles' sector, a long list of around eighty firms were identified based on information gleaned from industry bodies and networks. These firms sit within a broader concentration of advanced automotive manufacturing and engineering activity across the Midlands and extending south into the overlapping motorsport cluster iii . A structured interview approach was adopted on the basis that it would yield richer information and a better response rate than either written or telephone surveys. Because of the difficulty of securing interviews, participants were not selected on the basis of a sampling approach. Seventeen firms agreed to be interviewed, plus a further three interviews were completed with other stakeholders in the sector iv .
The firms interviewed cannot, necessarily, be considered to be representative of the sector as a whole and the results must therefore be considered indicative, rather than definitive.
The firms interviewed did, however, constitute a good spread by size (ranging from micro to large firms), turnover (ranging from pre-revenue to those making over £50 million per annum) and by activity and area of technology. They included firms involved in vehicle and 
Relevant skills in the local labour force and in (potential) supplier firms
Christopherson ( Treado (2010) examines the successful transition of Pittsburgh, in the United States, from a steel making town to home to a successful steel technology cluster. Although the area lost most of its steel-making capacity, it did not lose its steel-making expertise. She identifies the key factors in this transition as being the area's location, its industrial legacy and its labour expertise. According to Treado, the ultimate source of regional resilience in the Pittsburgh case -and in the other studies she has reviewed -is the surviving industrial expertise of the regional workforce. Here, the technical knowledge of the workforce was the overriding reason given for a firm's choice of location in the Pittsburgh area. In the Midlands case the results from the interviews also support the view that skills retained in the labour force and in local supplier firms are important to firms in the sector. Along with proximity to customer firms (itself related to the historic presence of the automotive and motorsport industries in the region), these were often cited as important factors influencing a firm's choice of location.
The presence of relevant skills in the labour force was not such a dominant factor across the firms interviewed, however, as Treado found in the case of Pittsburgh. In part this perhaps reflects the greater internationalisation of the labour market in the Midlands case. Many firms, for example, said they had already exhausted the local supply of specialist skills they required, and were having to recruit internationally. It is possible that the presence of specialist skills in the local labour force was of greater importance to those firms that were more oriented towards making physical products. Firms whose workforce comprised a greater proportion of higher-level professional and technical roles were more likely to be recruiting on a UK-wide or international basis for the specialist skills they requiredparticularly where they were working in relatively new or emerging areas of technology.
Technical skills and expertise
Christopherson (2009; 78-9) characterises phoenix industry firms as benefiting from 'initial advantage'. This makes them different from more traditionally described industry clusters.
Specifically, such firms are seen as benefiting 'from personal networks, technical skills and market knowledge that have developed over a long time' (ibid). Hence, although many routine production jobs have been lost in these industries, the knowledge of how to produce and innovate has remained to some extent. This could be, for example, in the courses run by local universities and in the skills of the labour force. Similarly, Treado (2010) highlights the importance of Pittsburgh's broader tradition of expertise in materials-based industries, for example the expertise contained within the engineering departments of the region's major universities, plus the location of a number of major private sector research facilities in the region, and the fact that several important trade associations and relevant professional societies are headquartered there.
The West Midlands lost many routine production jobs in automotive and related industries over the period since the 1970s. In the 1960s there were more than 1 million manufacturing jobs in the region. By 2013 the number had fallen to just over 300,000. v The results from the interviews support the argument that specialisms retained within local universities are important to the automotive sector in the region. Firms were asked about the extent to which they collaborated with universities and whether they selected university partners on the basis of proximity or on grounds of excellence in relevant specialisms, irrespective of location.
Even though many firms said they collaborated with universities on the basis of excellence in relevant specialisms, rather than proximity, the most frequently named universities that firms said they had collaborated with were in fact local to the area -in Coventry, Warwick, engineering-related expertise, or 'innovation assets' as they are described locally. In the Pittsburgh steel case, Treado noted that a number of trade associations and professional societies were headquartered in the Pittsburgh area. This is not the case for the Midlands.
In the UK such bodies tend to be headquartered in London, in some cases with regional offices. This perhaps reflects the greater centralisation of activity -and the economic dominance of London and the South East -in the UK.
Personal networks and market knowledge
The 'initial advantage' of phoenix industry firms includes personal networks and market knowledge that have developed over a period of time (Christopherson, 2009) . Of the firms interviewed in the Midlands case, a number of the owners or founders did have connections and experience rooted in the automotive sector. In some cases they had previously been employed by larger firms in the sector and it is likely that they continued to have contacts in these or successor firms. Their knowledge of market opportunities was also important.
There were a number of cases in which a new firm had been established by -or with the support of -people who had previously been employed by larger firms in the sector who had identified a new market opportunity. There was also some evidence of 'forced' start-ups, for example as a result of people being made redundant from the larger firms as they downsized or went out of business.
Availability of capital
Christopherson (2009) references the availability of capital as a factor that may contribute to the establishment of a phoenix industry. In the Midlands case, rather than being a supporting factor, lack of access to capital has been a drag on the sector. This is partly a result of the recent 'credit crunch' but there are also longer-term and sector-specific factors at play. Domestic finance for investment in manufacturing has been a problem for British industry, stretching as far back as the late 19 th Century (for example, as described by Miozzo and Walsh (2006; 64-5) who cite work by Elbaum and Lazonick, 1986; Freeman, 1989; Landes, 1969; Hobsbawm 1968) . Several interviews expressed the belief that, "there is no finance available in the UK for manufacturing".
In addition, access to finance can be a particular problem for automotive sector firms in the 
The role of technology and innovation, supply chain relationships and the importance of the ability to apply new technologies
The role of technology and innovation in driving the sector Whitmarsh and Köhler (2010) argue that the auto industry has become 'locked-in' to the core technologies and practices around the internal combustion engine and steel chassis development through a combination of complex supply chain arrangements, sunk investments in equipment, the existing skill set of the labour force and an industry-wide technological paradigm. As a result, the incumbent firms tend to favour incremental innovation focused on the improvement of existing technologies. More radical innovation, for example around battery or fuel cell powered vehicles, has tended to be initially undertaken,
"within universities, by firms in other sectors or by enthusiastic amateurs, entrepreneurs or start-ups" (2010; 431). The automotive industry has tended to enter into partnerships with
organisations outside the industry in order be able to move beyond their core competencies and utilize expertise from outside the sector.
As described in section 3, Chesborough and Crowther's (2006) work suggests that firms might deploy open innovation approaches to address both incremental and step change (breakout) growth strategies. In the case of firms seeking (incremental) growth within the current business, according to Chesbrough and Crowther, some firms stated that it was quicker and cheaper for them to look outside the business for the new technology required than to develop it in-house. This matches a view expressed by several of the interviewees in the Midlands case; that smaller firms could often develop and test a new idea more quickly and cheaply than the larger firms.
Evidence from the interviews also very much supports the view that smaller and medium sized firms in the Midlands are playing an important role in providing the more radical innovation needed for systemic change in the automotive sector. "We need to be constantly innovating to attract the attention of customers", said one firm. The majority of the smaller and medium sized firms interviewed were suppliers of innovation to the larger automotive firms. In some cases they were working at the leading edge of a particular technological area -typically an area that fell outside the traditional automotive sector competencies. For example, when asked how they kept up to date with technological and industry developments, one firm replied, "We are at the leading edge".
More generally, Frigant (2013) 
Supply chain relationships
In their study of global value chains in the automotive industry, Sturgeon et al (2008) note that regional automotive clusters tend to be very long-lived because of the deep investments that have to be made in capital equipment and skills. They distinguish a number of ways that firms coordinate or govern the linkages between value chain activities. These are defined in terms of combinations of three distinct variables: the complexity of information to be exchanged between value chain tasks; the codifiability of that information; and the capabilities resident in the supply base (based on Gereffi et al., 2005) . The most interesting of these linkages, from the perspective of the Midlands case study, are the so-called 'relational' linkages, where tacit information is exchanged between buyers and highly competent suppliers. Sturgeon et al (2008) examine the persistence of the greater Detroit vehicle development cluster. They note that the increased involvement of suppliers in vehicle design -as a result of the importance of relational linkages in the auto industry -has led to a spatial concentration of supplier design and engineering facilities. In North America this spatial concentration has been focused on the Detroit area because of its historic role as a centre for vehicle design and engineering. The area continues to host specialist labour and a number of institutions that support automotive engineering. Suppliers need to be located in the cluster in order to gain opportunities to become involved in new vehicle development programmes. Hence the cluster has been reinforced despite the fact that final vehicle assembly activity, in which the area was originally dominant, has moved away. Frigant (2013) notes the trend over recent decades for automotive supply chains to become increasingly dominated by large 'mega-supplier' firms. He argues that SMEs still have an important role to play, however. They are often used by the large auto firms to provide specialist equipment or services, such as design. In the case of niche vehicles and special series production, in particular, manufacturers typically rely on short production runs that are of less interest to the major equipment suppliers. Frigant notes that SMEs also have an important role to play in innovation. As described above, the larger firms tend not to have the necessary competencies to cover all areas of technology.
In the context of the Midlands auto industry, as noted previously, the West Midlands failed to secure any of the major inward investments by the volume car producers that have taken place in the UK since the 1980s. The region had already progressively lost much of its domestic vehicle production. It did manage to retain all stages of the production processincluding research and development -in its leading (low volume) vehicle producer, Jaguar
Land Rover (JLR). JLR was highlighted as an important customer for a number of the firms interviewed. In these cases it is likely that the value chain linkage is 'relational', with close working required between supplier and customer. Several firms cited proximity to their major customer (JLR) as the most important factor in their choice of location. Many of the firms interviewed also worked with other major German and Japanese auto firms, however -firms without a production base in the Midlands. Although not on the scale of the Detroit cluster, the West Midlands has followed a similar pattern in the sense that it has been able to retain and continue to attract suppliers of vehicle design and engineering services, despite the loss of volume vehicle production to the region. Christopherson (2009; 78) argues that industries in old industrial areas may have "the key assets needed to support process and product innovation and the actual application of new technologies." There is evidence from the interviews conducted with firms in the Midlands that, in a number of cases, the specific skills necessary to produce innovative products or components were embedded within firms' workforces. In some cases, this was the principal means of protecting the firm's intellectual property. These were typically firms that also had a tradition of long service within the workforce. In one case, for example, until relatively recently the average length of service of employees had been over 40 years. The retention of relevant skills within the labour force, despite the loss of many of the larger firms that once dominated the region, is one of the primary factors cited as contributing to the development of a phoenix industry. As the workforce ages, however, those skills are gradually lost. A number of the firms interviewed noted that the younger generation of workers did not have the same practical skills as their older colleagues. Clearly there is a balance, in the sense that new knowledge and skills are also required for the development and exploitation of new technologies. To some extent, therefore, the phoenix industry firm can be seen as an environment in which knowledge and skills related to 'old' and 'emerging' technologies are combined. Physical products, largely, still have to be developed, made and tested to prove their worth -they cannot just be designed. It is this ability to combine 'old' and 'emerging'
The ability to apply new technologies
technologies that appears to have contributed to the success of a number of the firms interviewed and, perhaps, lies at the heart of the relationship between the phoenix industry and open innovation concepts.
The 'initial advantage' possessed by phoenix industry firms and their ability to develop and apply new technologies means that they can have an important role to play in the deployment of 'smart specialisation' strategies (Foray and Van Ark, 2007) . According to this approach, rather than spreading their investment in R&D and innovation thinly across several frontier technology research fields, EU countries or regions should instead concentrate their investment in programmes that complement their existing productive assets. The European Commission has recently (2010) called for national and regional governments to develop smart specialisation strategies, as an important component of the Europe 2020 Strategy. In order to achieve this, McCann and Ortega-Argilés (2011; 18) argue the need for policy at regional level to "promote technological diversification amongst the most embedded industries which have the relevant scale to generate significant local impacts". The advanced automotive manufacturing and engineering sector is in this sense seen as an important focus in a smart specialisation strategy for the Midlands, though questions remain about its ability to generate significant local labour market impacts, a point that is returned to in the next section.
Relationships between firms and changing economic and labour market conditions
Relationships between firms
Treado (2010) case there is evidence to support that view that smaller firms find it difficult to compete with the larger firms for skilled labour. These larger firms are also typically, however, their customers or potential customers and frequently may also be partners in research projects.
Indeed, an important feature of the sector was the extent of collaboration between firms, encouraged by state-supported collaborative R&D projects. In addition to reducing the cost of undertaking R&D, firms also benefited from participating in these projects because of the opportunities they afforded for identifying and working with firms that could subsequently become partners, suppliers or customers in fully commercial ventures.
In Treado's (2010) work on the Pittsburgh steel technology cluster, member firms were linked by the market that they supply rather than the product they produce. All of the firms sold to the steel industry but rarely did they sell exclusively to that industry. A corresponding pattern was found in the Midlands firms studied. Many of the firms interviewed served industries beyond automotive. The most often named customer industries were aerospace, defence and motorsport but firms were also involved in supplying industries such as renewable energy and medical technology. The more diversified nature of these firms' markets, particularly when compared to their large-firm predecessors, should mean that the economy of the local area is more resilient to single-industry shocks -and may be seen as a response to previous industry shocks. It also opens up possibilities for further diversification of the region's portfolio of industries, increasing related variety, which is expected to enhance regional growth (Frenken et al., 2007) .
Changing economic and labour market conditions
In the West Midlands many of the large automotive sector firms have disappeared over time.
The firms that remain and the new firms that have been created -including those that were interviewed in this case study -employ fewer, but generally more highly skilled workers.
Around 700,000 manufacturing jobs have disappeared from the region since the 1960s.
Employment in other sectors, notably in public and private service industries, has risen. This has had important implications for the region's economy and labour market in terms of the number jobs, the opportunities at different occupational levels, the associated skill requirements and the wage levels that are available to residents. Bailey et al (2012) Midlands over the last decade has been somewhat less balanced in their favour.
Conclusions and the role for public policy
The story of the automotive sector in the Midlands, and the West Midlands in particular, stretches over more than a century. During this period the industry emerged, grew to dominate the region's economy and then began a steady decline which culminated, in 2005, with the loss of all volume production to the region. It is possible that the decline of the industry in the region is now beginning to be reversed. This paper has explored the extent to which the advanced automotive manufacturing and engineering sector in the Midlands can be understood as an example of a phoenix industry. An important question in this regard is the role that the re-emergence of JLR has played and whether this conforms with the notion of a phoenix industry?
JLR has certainly been important to many of the firms interviewed, but this is not just about rising production volumes creating increased demand for suppliers. It is also to do with JLR's role as a niche/luxury vehicle producer and one that carries out all stages of production and development activity in the area. This has created a space for specialist suppliers and technology developers that, thus far, have not been sufficiently attractive to be filled by the 'mega-supplier' firms. Would these smaller firms still choose to locate in the area if JLR were no longer there? In the authors' view it is likely that they would. There is a sufficient agglomeration of automotive and motorsport-related activity and expertise in the area to attract and retain these firms. In addition, a number of the firms interviewed were already serving major German and Japanese automotive manufacturers, indicating an ability to compete internationally at the highest level.
Historic, and relatively immobile, investments in the Midlands related to the automotive industry have been important influences on the location decisions of the firms interviewed.
However, innovation and technical change have also been important drivers. The range of technologies now important in the automotive sector has brought opportunities for the entry of new firms. Uncertainty about which technologies will come to dominate, combined with the range of specialism involved has encouraged larger firms to engage with a wider range of potential collaborators. This has meant that there are now more direct interactions between firms at different levels in the supply chain, between large and small firms, and between firms specialised in different technological areas.
It was argued that small firms can often innovate more quickly and more cheaply than the major auto firms, bringing new ideas to the prototype or demonstrator stage. This was seen by some as a particular characteristic of small firms in the UK. On the other hand, making the step up from prototype or demonstrator to full scale production was viewed as an area in which the UK is weak. This is compounded by the uncertainty surrounding the commercialisation possibilities for these new technologies. The necessary investment to bring a new product idea into production is harder to attract because of the associated level of risk. This was also viewed as a critical problem even for larger firms. Ironically, therefore, whilst the breadth of technologies that may be important has opened up opportunities for new entrants to the sector, the associated uncertainty around which technologies will ultimately come to dominate has also made it more difficult for smaller firms to attract the necessary resources to grow their businesses.
From an industrial policy perspective, state funding for (collaborative) R&D projects was important for most of the firms interviewed. The funding has enabled more innovation to take place; encouraged greater collaboration; helped large and small firms to identify new potential partners; and helped smaller firms identify potential customers and potentially enter new supply chains. A number of interviewees considered that there was 'enough' support available for early stage R&D. The area where more intervention is needed, they suggested, was support for moving from the prototype or demonstrator stage to production version and from there onto full commercialisation of the new product idea.
In terms of the more traditional areas for public sector intervention, the ability to recruit suitably skilled staff was an issue for many firms. This was particularly the case in the new technology areas. Several firms stated, however, that it was difficult to predict skills needs in specific areas very far in advance. Access to finance was also identified as a key constraint by a number of firms -either investment finance in order to be able to expand the business, or assistance with cash flow in the context of being able to make up front investments necessary when taking on new projects. 
